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Objective: To identify potential sources of human Mycobacterium bovis infection in Bobo-Dioulasso, Burkina Faso. 
Methods: A tuberculin survey among 174 cattle was performed. Mycobacteriologic identification in 64 samples of 
pooled milk, and in 199 tissue samples collected from the slaughterhouse of Bobo-Dioulasso, Burkina Faso, was also 
done. We retrospectively analyzed the distribution of tuberculosis (TB) cases on 1140 clinical records according to 
professional occupation and to ethnic group. The frequency of pulmonary and extrapulmonary TB was related to 
potential exposure and route of transmission of M. bovis from animals. 
Results: Out of six herds (total 170 bovines), only one was free of any positive tuberculin test. Among 199 bovines 
which had been slaughtered over four consecutive nights, 38 (19%) had morphologic lesions suggestive of TB; 17 (45%) 
of those were positive for acid-fast bacilli by microscopic examination on one of their lesions, and 20 samples (53%) 
presented a positive culture for a pathogenic mycobacterium, including M. bovisand M. tuberculosis. In the retrospective 
analysis, Peuls more frequently had a pulmonary form of disease. This may be related to the route of transmission. 
Conclusions: Attention has to be paid to human TB of bovine origin in Burkina Faso. The identification of M. 
tuberculosis in milk and in tissue samples raises the question of the transmission of TB from humans to cattle. 
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INTRODUCTION 
Human tuberculosis due to Mycobacteriurn bovis (M. 
bovis) is a subject of renewed interest in the context 
of the increasing incidence of human tuberculosis 
and human immunodeficiency virus (HIV) infection, 
especially in developing countries. Furthermore, multi- 
resistant strains of M .  bovis have been found to be 
responsible for nosocomial outbreaks of tuberculosis in 
HIV-infected patients [l]. The European Union has 
included bovine tuberculosis among the four major 
zoonoses requiring specific surveillance and investi- 
gation programs [2] .  
The proportion of cases of tuberculosis due to M. 
bovis in humans shows regional variations, depending 
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on the presence and extent of the infection in cattle, 
the social and economic conditions of the populations, 
the standard of food hygiene and the application of 
preventive measures against M.  bovis spread. 
In Burkina Faso, in 1997, the prevalence of HIV 
infection was estimated at 10% in urban-based adults 
[3] .  Of more than 40 ethnic groups in Burkina Faso, 
Peuls are remarkable in that their professional activities 
rely mainly upon cattle breeding. They generally live 
in close and permanent contact with cattle, and an 
important part of their diet consists of cow milk and 
milk products. However, there is a lack of information 
on the extent of cattle tuberculosis. Likewise, the 
prevalence of human tuberculosis of bovine origin in 
relation to the prevalence in cattle is unknown. 
We looked for sources of M. bovis infection for 
human exposure in offal, meat and milk consumed 
in Bobo-Dioulasso (Burkina Faso), the second city 
(400000 habitants) of Burkina Faso and a crossroads 
between Mali, C8te d'Ivoire, Ghana and Burkina Faso. 
We investigated whether potential exposure to M .  bovis 
associated with Peul origin increases the risk of 
tuberculosis disease, exemplified by a high proportion 
of this ethnic group among patients with tuberculosis. 
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MATERIALS AND METHODS 
Cattle tuberculin testing 
A single intradermal tuberculin (SIT) injection of 
0.1 mL of bovine (mammalian) tubercuhn (2000 UI, 
Bovituber PPD, RhGne Mkrieux, France) was given in 
the mid-neck region of cows by the same veterinarian, 
who has extensive experience in tuberculin skin testing 
in cattle. Skin thickness was measured by means of a 
caliper rule before and 72 h after injection. Increases in 
skm thickness were recorded as a reflection of the 
intensity of reaction at the site of injection 72 h post 
injection [4]. A positive reaction was defined as an 
increase in skm thickness of 4 mm or more with or 
without clinical signs. An indeterminate reaction was 
recorded if the increase in skin thickness was greater 
than 2 mm and less than 4 mm without clinical signs. 
A negative reaction was recorded if there was an increase 
in skm thckness of less than 2 mm with no local signs. 
Collection of samples to be tested and mycobacterial 
analysis 
Five mdk samples were collected fi-om each of 10 small 
market places (of less than 30 saleswomen) around 
Bobo-Dioulasso. In order to avoid a potential selection 
bias, saleswomen (mostly Peuls) were not aware of the 
reasons for milk purchasing and of the purposes of the 
study. Each sample resulted from the pooling of mdk 
fi-om 58-71 cows. In addition, 14 other milk samples 
were collected from an industrial dairy farm. 
Tuberculous lesioned tissues were obtained from 
necropsied cattle at the Bobo-Dioulasso slaughter- 
house. In each case, the bronchial, mehastinal, sub- 
mandibular, retropharyngeal, mesenteric and hepatic 
lymph nodes, mammary glands and lungs were macro- 
scopically examined. In this slaughterhouse, three 
macroscopic criteria are routinely used by veterinarians 
as predictive of tuberculosis: (1) presence of nodular 
lesions, (2) presence of caseating lesions, (3) association 
of visceral and lymph node lesions. 
Milk samples and lesioned tissues were transported 
in sterile containers at room temperature to the 
mycobacteriology laboratory of the Centre Muraz, 
where they were systematically examined by micro- 
scopy (Ziehl-Neelsen staining) and by culture. 
The milk samples were decontaminated by a 
previously described method [5] using NaOH 4% and 
then concentrated before mycobacteriologic analysis. 
Approximately 5 g of lesioned tissue was cut into 
small pieces and homogenized with 3 mL of distilled 
water for 30 min. Two milliliters of the homogenate 
were separated for decontamination through addition 
of acetylpyridinium chloride 0.075% solution, after 
which they were incubated for 30 min. The mixture 
was neutralized and concentrated by centrlfugation at 
3500g for 30 min. The supernatants were discarded, 
and 0.25mL of the pellet was used for myco- 
bacteriologic analysis. 
The tubes were checked for growth at 5, 7 and 10 
days and weekly thereafter. After 3 months, tubes with 
no evidence of growth were recorded as negative and 
were discarded. Colonies suspected of being myco- 
bacteria were examined for the presence of acid-fast 
bacilli by the Ziehl-Neelsen technique. M. bovis strains 
were identified by the following bacteriologic criteria: 
smooth colony morphology, growth stimulation by 
pyruvate, sensitive to hophen-2-carboxylic acid hydra- 
zide (TCH), negative for nitrate reductase and resistant 
to pyrazinamide. 
Retrospective analysis of records of the Bobo-Dioulasso 
slaughterhouse 
Carcass inspection reports of Bobo-Dioulasso slaughter- 
house, between January and March 1996, were care- 
l l l y  analyzed to assess the fi-equency of retention of 
lesioned organs or whole carcasses found by meat 
inspectors in search of tuberculosis. 
Retrospective analysis of medical records of tuberculous 
patients attending the Centre Regional de Lutte Anti- 
Tuberculeuse (CRIAT) 
Ths Center provides diagnostic facilities and treatment 
for all outpatients with suspected tuberculosis as well as 
follow-up care for tuberculosis patients initially diag- 
nosed in hospitals. A cross-sectional study was retro- 
spectively conducted on clinical records completed 
between January 1993 and March 1996 at the CRLAT. 
Gender, age, ethnic group, and professional occupa- 
tion, clinical presentation of tuberculosis and outcome 
after treatments were recorded. 
The patients were classified into three groups, 
according to their potential risk of exposure to M. bovis, 
and to the potential route of transmission from animals. 
The first group consisted of cattle breeders, 
butchers, and cattle salesmen. They presented an 
occupational exposure to M. bovis. The transmission of 
infection in this group can be through by the aerial 
route, by ingestion of contamined milk or by cutaneous 
or mucous contact with lesions. All patients of this first 
group were Peuls. 
The second group were individuals of the Peul 
ethnic group without occupational exposure to poten- 
tially infected animals. 
The thrd group consisted of patients other than 
Peuls and without an occupational risk of exposure. 
The relative fi-equencies of the dgerent forms of 
tuberculosis (pulmonary and extrapulmonary) were 
analyzed in these three groups of patients. 
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Statistical analysis 
Statistical analysis was done by means of the WinSTAT 
3.0 program. For qualitative variables, such as fre- 
quency of pulmonary and extrapulmonary tuber- 
culosis, the chi-squared test with a 95% level of 
significance was used. Analysis of variance (ANOVA) 
was used when appropriate. The p values were 
calculated, and p values of less than 5% were considered 
to be statistically significant. 
One hundred and seventy-four bovines more than 1 
year old were tuberculin skin tested. The cattle were 
from six herds of Koro, a village 10 km from Bobo- 
Dioulasso. All herdsman were from the Peul ethnic 
group. Only one herd among the six included was free 
of any positive tuberculin test. Twenty-three bovines 
were tuberculin test positive (13%), whereas 27 had an 
indeterminate reaction (16%) (Table 1). Female cattle 
were more frequently tuberculin reactive than males 
(19/130 (15%) versus 4/44 (9%); p=0.34) (Table 1). 
The oldest animals were more reactive than the 
younger ones (7/24 (29%) among those more than 10 
years old versus 9/72 (12.5%) among those less than 5 
years old; p=0.057) (Table 1). 
Sixty-four milk samples were collected from the 10 
marketplaces and from the dairy farm. The direct 
microscopic examinations were positive for five samples 
(8%). Seventeen samples (26.5%) (including the five 
acid-fast bacteria-positive samples) presented a positive 
culture for M.  bovis (14 cases, 83%), M. tuberculosis (two 
cases, 12%) and M.  ufricununi (one case, 6%). 
Among 199 bovines which had been routinely 
slaughtered over four consecutive nights, 38 (19%) had 
morphologic lesions suggestive of tuberculosis; 17 
(45%) of these were positive for acid-fast bacilli by 
microscopic examination of one of their lesions, and 20 
samples (53%) presented a positive culture for M. boilis 
(18 cases), M. tirbercrrlosis (one case) and M. africunum 
(one case). The macroscopic lesions were localized either 
in the lung (13 cases) or in the mammary glands (four 
cases). Therefore, 10% (20/199) is a minimum estimate 
of the M. bovis infection prevalence in these carcasses. 
In the inspection records of the Bobo-Dioulasso 
slaughterhouse (from January to March 1996), 450 of 
4525 animals had lesions suggestive of tuberculosis 
(10%). The lesions were localized either in the lungs 
(48%) or in the mammary glands (28%). 
In the CRLAT, medical records were available for 
1140 patients: 822 men (72%) and 318 women (28%) 
seen between January 1993 and March 1996. Among 
them, 140 patients (12%) belonged to the Peul ethnic 
group. The mean age of the patients at diagnosis was 
37 years. Among these 1140 medical records, 1137 
(99.7%) contained information on the localization of 
tuberculosis (pulmonary versus extrapulmonary). The 
extrapulmonary forms of tuberculosis represented 20% 
(n=237) of all tuberculous cases with available clinical 
data. The sites of extrapulmonary diseases were the 
pleura (31%), bones and joints (23%), lymph nodes 
(12%), urinary tracts (12%), multiple organs (11%) and 
pericardia (8%). Cutaneous and meningeal tuberculosis 
represented less than 3% of the cases. 
Five hundred and ninety-six patient records con- 
tained sufficient information on clinical manifestations, 
ethnic origin and professional occupation to enable 
them to be used to classify patients in one of the three 
defined groups. Thirty-nine patients were classified in 
group 1 (Peul ethnic group with professional risk of 
exposure to M. bovis), 28 in group 2 (Peul ethnic group 
with no professional risk of exposure to M.  bovis), and 
529 in group 3 (ethnic groups other than Peul and no 
professional exposure to M.  bovis). There was 95% 
(37/39) pulmonary tuberculosis in group 1, versus 79% 
(22/28) in group 2 (group 1 versus group 2, p=0.04) 
and 82% (435/529) in group 3 (group 1 versus group 
3, p=0.04). 
Table 1 Cutaneous response to bovine tuberculin according to cattle age and sex 
< 5  years 5-10 years > 10 years Total 
Females n 43 64 23 130 
IDR+ 6 (14%) 6 (9%) 7 (30%) 19 (15%) 
IDR? 8 (19%) 12 (19%) 22 (9%) 22 (17%) 
Males n 29 14 1 44 
IDR+ 3 (10%) 1(7%) 0 4 (9%) 
IDR? 2 (7%) 3 (21%) 0 5 (11%) 
Total n 72 78 24 174 
IDR+ 9 (12%) 7 (9%) 7 (29%) 23 (13%) 
IDR? 10 (14%) 15 (19%) 2 (8%) 27 (16%) 
IDR+, positive intradermoreaction; IDR?, indeterminate intradermoreaction. 
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DISCUSSION 
In many developing countries, bovine tuberculosis 
is still a major infectious disease among cattle and 
causes considerable economic difficulties. The control 
of bovine tuberculosis and of its dissemination to 
humans involves systematic control of carcasses during 
veterinarian inspection, slaughtering of skin test- 
positive animals, pasteurization of milk and vaccination 
with BCG. 
The SIT is the reference test used in the eradication 
campaign for the detection of infected animals in the 
field. In our series, 13% of cattle were tuberculin 
positive and the majority of herds were affected. 
Among 64 non-pasteurized milk samples, 17 
(26.5%) presented a positive culture. Tuberculosis in 
cattle is mainly a pulmonary disease. Cows probably 
transmit M. bovis to other animals by the aerogenous 
route [6]. Humans are almost certainly at risk of being 
infected directly by cows in a s i d a r  manner. Many 
authors have drawn attention to the fact that pul- 
monary tuberculosis due to M. bovis is more common 
among rural than urban dwellers, and a number of 
studies done in Europe before 1966 have found that 
up to 36% of cases of phthisis among people with 
occupational exposure were due to M. bovis [7]. 
In the slaughterhouse, among 38 offal samples with 
lesions suggestive of tuberculosis, 20 (52.6%) were 
positive by culture. We consider that the prevalence 
of bovine tuberculosis found in the slaughterhouse 
(minimal estimate 20/199; 10%) probably cannot be 
considered as representative of the livestock of the area 
around Bobo-Dioulasso, due to a selection bias, since 
cattle breeders may be tempted to bring diseased 
animals to the slaughterhouse. 
The identification of M. tuberculosis in milk and 
animal tissue samples raises the question of the 
transmission of tuberculosis from humans to cattle. 
Tuberculous herdsman could excrete large numbers of 
organisms in the late stages of the disease. Sputum, 
urine, feces and purulent exudate from ruptured lymph 
node abscesses or bite wounds can all be implicated in 
contaminating pasture where cattle graze [8].  
Among the 1140 tuberculous patients of CRLAT, 
12% were of Peul origin. They, however, represent only 
5% of the general population of the catchment area of 
this center [9]. A pulmonary form of tuberculosis was 
more frequently found in Peuls (95%) than in other 
ethnic groups (p=0.04). Differences in the clinical 
presentation of human disease due to M. bovis may be 
related to different routes of transmission from animals. 
The respiratory route of infection, inducing pulmonary 
disease, may be more frequent in farmers exposed to 
infected animals and in members of rural communities 
who live in close contact with infected animals. The 
digestive route by ingestion of contaminated milk or 
meat normally results in the extrapulmonary forms of 
tuberculosis. 
The first reports of HIV-related tuberculosis due to 
M. bovis came from France [lo] and southeast England 
[l 11. Although the numbers of patients described in 
these two reports are small (2/123 in France and 2/167 
in southeast England), it was postulated that they might 
represent the beginning of a major health problem 
worldwide, and that more epidemiologic information 
on the incidence and distribution of infection and 
disease due to M.  bovis in relation to HIV infection in 
the human and animal population was urgently needed 
[12]. Furthermore, a multiresistant strain of M. bovis 
was found to be responsible for a nosocomial outbreak 
of HIV-related tuberculosis [l]. In Burkma Faso, where 
the prevalence of HIV infection in urban-based adults 
was estimated at 10% in 1997 and where we identified 
potential sources of M.  bovis infection, attention has 
to be paid to human tuberculosis of bovine origin as 
a possible overwhelming infection in HIV-infected 
patients. 
There are several limitations to our study. First, 
some newly developed techniques such as polymerase 
chain reaction, restriction fragment length polymor- 
phism and spolygotyping that can dfferentiate M. bovis 
from M.  tuberculosis more rapidly, with greater sensi- 
tivity and with potential applications to epidemiologic 
studies, were not avadable [13]. Development of these 
techniques is in progress in our laboratory. Second, 
some data, such as HIV infection status and identi- 
fication of Mycobacterium strains of the retrospective 
patient population, were not available. We are presently 
looking prospectively for M. bovis in sputum from 
newly diagnosed tuberculous patients attendmg two 
medical centers in the north of the country, where 
cattle breeding is the professional occupation of the 
majority of the community. HIV serology will be 
related to each Mycobacterium strain. 
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